An investigation into the taxonomic position of Bacillus isronensis MTCC 7902
T revealed that the strain shares a common phylogenetic lineage with Solibacillus silvestris MTCC 10789 T . It displays considerable overlap in phenotypic properties with the genus Solibacillus, including endospore shape and position, oxidase and catalase activities, presence of iso-C 15 : 0 , C 16 : 1 v7c alcohol and iso-C 17 : 1 v7c as major cellular fatty acids, A4a-type cell-wall peptidoglycan, polar lipids and menaquinone pattern. These features reinforce the findings of molecular phylogenetic analyses based on 16S rRNA gene, gyrB gene and 16S-23S internal transcribed spacer (ITS) region sequences and, in line with the recommendations of Kä mpfer et al. ). An emended description of the genus Solibacillus is also provided. Ash et al. (1991) proposed the subdivision of the genus Bacillus into five distinct groups. In subsequent years, members of groups 3 and 4 were placed in the novel genera Paenibacillus (Ash et al., 1993; Shida et al., 1997) and Brevibacillus (Shida et al., 1996) , respectively. It is to be noted that several publications have subsequently raised the issue of the highly heterogeneous nature of the genus Bacillus sensu stricto (Bacillus rRNA group 1 of Ash et al., 1991) , which consists of a high diversity of species with no unifying phylogenetic and phenotypic concept (Heyndrickx et al., 1998; Alcaraz et al., 2010; Klenk et al., 2011; Bhandari et al., 2013) . In fact, many members of the genus Bacillus have recently been reclassified into the new or already existing genera Virgibacillus, Bhargavaea and Falsibacillus. Similarly, the genera Cohnella and Fontibacillus have been proposed recently and have been shown to be phylogenetically close to the genus Paenibacillus, with the former including one species that was initially described as a member of Paenibacillus (Bacillus rRNA group 3 of Ash et al., 1991) . Bhandari et al. (2013) insisted that most of the 301 species described at that time in the genus Bacillus (http://www. bacterio.net/bacillus.html) should be reclassified into novel genera based on analysis of genomic sequences of selected species of the genus Bacillus for conserved signature indels of homologous proteins. Bacillus rRNA group 2 originally comprised six species, Bacillus fusiformis, B. sphaericus, B. insolitus, B. pasteurii, B. globisporus and B. psychrophilus. Yoon et al. (2001) T are LN832599, LN832600, LN866852, LT174524 and LT174526, respectively. The accession numbers for the ITS region sequences of B. subtilis MTCC 121 the reclassification of B. fusiformis and B. sphaericus to the genus Lysinibacillus and B. insolitus to the genus Psychrobacillus, respectively. It has been recognized that species classified as members of the genus Bacillus within this group should be placed either in a new genus or into already existing genera; examples include the proposal of the genera Viridibacillus (Albert et al., 2007) and Solibacillus (Krishnamurthi et al., 2009a) . However, microbiologists have continued to describe novel taxa within this group as members of Bacillus, e.g. Bacillus decisifrondis (Zhang et al., 2007) , B. cecembensis (Reddy et al., 2008) and B. isronensis (Shivaji et al., 2009) . In this study, we have re-examined the taxonomic position of B. isronensis within Bacillus rRNA group 2 and, on the basis of phylogenetic analyses and chemotaxonomic markers, we conclude that it should be considered as a species of the genus Solibacillus.
B. isronensis B3W22
T was isolated from cryotubes that were used to collect air samples from high altitudes (Shivaji et al., 2009 (Smibert & Krieg, 1994) . The Gram reaction was determined by using the HiMedia Gram-staining kit according to the manufacturer's instructions. Catalase, oxidase (using N,N,N9,N9,-tetramethyl p-phenylenediamine dihydrochloride-impregnated discs) and hydrolysis of casein, gelatin, starch and urea were determined as described by Smibert & Krieg (1994) . Methyl red and Voges-Proskauer tests, indole production, nitrate reduction and acid production were determined as described by Lányi (1987) . Biochemical tests including antibiosis were performed by using VITEK BCL well plates (bioMérieux) according to the manufacturer's instructions.
For cellular fatty acid analysis, B. isronensis MTCC 7902 T and S. silvestris MTCC 10789 T were grown on tryptic soy broth agar (TSBA) at 30 8C for 48 h and fatty acid methyl ester analysis was performed by using the Sherlock Microbial Identification System (MIDI) as described previously (Sasser, 1990; Pandey et al., 2002) . For analyses of polar lipids, the two strains were cultivated in TSB for 2 days in a rotary shaker (200 r.p.m.) at 30 8C. Cells were harvested by centrifugation in a GS3 rotor at 3000 g. Extraction of polar lipids was done based on the protocol of Bligh & Dyer (1959) . Two-dimensional TLC was run for identification of polar lipids according to procedures described by Komagata & Suzuki (1987) . Lipid spots were detected using the following spray reagents: molybdatophosphoric acid (5 %, w/v, in absolute ethanol), molybdenum blue spray reagent (1.3 %; Sigma), ninhydrin (0.2 %, w/v, in acetone) and anisaldehyde reagent (Sigma) for detection of total lipids, phospholipids, aminolipids and glycolipids, respectively. Purified peptidoglycan preparations were obtained after disruption of the cells by shaking with glass beads and subsequent trypsin digestion. The peptidoglycan structures of B. isronensis MTCC 7902 T and S. silvestris MTCC 10789 T were determined according to published protocols (Schumann, 2011) . Quantitative analysis of enantiomeric amino acids was performed after derivatization (protocols 10 and 11) on a CP-ChiraSil-L-Val column (CP7495; Agilent Technologies) by gas chromatography (GC 14A; Shimadzu) and gas chromatography/mass spectrometry (320-MS Quadrupole GC/MS; Varian). Sample preparation for matrix-assisted laser-desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) protein analysis (protocol 3) and recording of mass spectra by using a Microflex L20 instrument (Bruker Daltonics) were carried out as described by Schumann & Maier (2014) .
Genomic DNA extraction, amplification and sequencing of the 16S rRNA gene were performed as described previously (Mayilraj et al., 2006) . The identification of phylogenetic neighbours was initially carried out against the database of type strains of prokaryotic species with validly published names in EzTaxon-e (Kim et al., 2012) . The 16S rRNA gene sequence of the type strain of B. isronensis was aligned with the sequences of other closely related species retrieved from the GenBank database and aligned using the CLUSTAL_X program (Thompson et al., 1997) and the alignment was corrected manually for gaps at the end of the sequences. A phylogenetic tree for the 16S rRNA gene nucleotide sequences generated on the basis of the algorithm of Jukes & Cantor (1969) using the neighbour-joining method (Saitou & Nei, 1987) was reconstructed using the TREECON software package (Van de Peer & De Wachter, 1997) , while trees based on the maximum-parsimony and maximum-likelihood methods were reconstructed using the PHYLIP software package, version 3.67 (Felsenstein, 1993) . In addition, for further clarification of the taxonomic position of the tested strains, sequences of the 16S-23S internal transcribed spacer (ITS) region, the 59-end hypervariable (HV) region (approx. 275 bp from nucleotide positions 47 to 365 of the 16S rRNA gene sequence of Bacillus subtilis IAM 12118 T ) and the gyrB gene were determined and analysed according to protocols listed in Xu & Cô té (2003) , Goto et al. (2000) and Yamamoto & Harayama (1995) , respectively. For amplification of the gyrB gene from B. cecembensis MTCC 9127
T , a new set of amplification and sequencing primers were designed (25F, 59-GATAATAAAGTCCAGCAATCTTATG-39; 378F, 59-GGTGTAGGTGCTTCTGTAGTAAAC-39; 1897R, 59-C ACGTATACTGCATTTTCT-39) from the whole-genome sequences of B. isronensis B3W22 T (NCBI reference sequence NZ_AMCK01000025.1) and S. silvestris StLB046 (AP012157; region 129945-131870) by using Gene Runner 5.0.66e Beta software (http://www.generunner. net), since conventional primers did not work for its amplification and sequencing. Amplification of the gyrB gene for the two strains of Caryophanon was performed according to the protocols listed by Holmes et al. (2004) . To retrieve the deduced GyrB amino acid sequences of closely related species, translated BLAST (BLASTX) was used, since BLASTN search gave very low sequence similarities. Phylogenetic tree reconstruction using the neighbour-joining method and PHYLIP was performed as explained earlier except that, for gyrB gene deduced amino acid sequences, the Poisson correction algorithm was used for reconstructing phylogenetic trees using the neighbour-joining method of the TREECON software package.
Since our proposition dealt with the reallocation of a species to another genus, we followed the minimal standards for describing new taxa of aerobic endosporeforming bacteria, especially with regard to chemotaxonomic analyses T revealed strong qualitative and quantitative similarities. Both contained iso-C 15 : 0 as the predominant fatty acid, and C 16 : 1 v7c alcohol and iso-C 17 : 1 v10c were present in moderate amounts (Table 1 ). The rest of the fatty acids were present in minor amounts (,10 %). The data presented in this paper match well with those reported earlier in the literature [Rheims et al. (1999) for S. silvestris; Seiler et al. (2013) for B. isronensis ], wherein the same fatty acids were found to be predominant under similar growth conditions. However, Shivaji et al. (2009) reported C 15 : 0 as the major fatty acid in both B. isronensis and S. silvestris (.50 % of the total amount). This might be attributed to different growth conditions and the analytical method employed for determining the composition.
The two-dimensional polar-lipid profiles of B. isronensis MTCC 7902
T and S. silvestris MTCC 10789 T were identical and showed the presence of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine and an unknown phospholipid (Fig. S1 , available in the online Supplementary Material). Interestingly, the lipid profiles of the two strains overlapped completely, with no spots appearing in one but not the other. These profiles once again match well with the original species description of S. silvestris (Krishnamurthi et al., 2009a) . However, there were discrepancies with the lipid data reported by Shivaji et al. (2009) ; they did not find diphosphatidylglycerol in B. isronensis. We want to stress that these authors used one-dimensional TLC for polar lipids, whereas the present paper used the two-dimensional method, which resolves spots with much higher resolution. The full hydrolysate (6 M HCl, 16 h, 120 8C) of the peptidoglycan contained the amino acids lysine, alanine and glutamic acid. The molar ratios of these amino acids were as follows: B. T show peptidoglycan type A4a L-LysrDGlu (type A11.33 according to http://www.peptidoglycantypes.info/). We would like to mention here that the peptidoglycan of B. isronensis MTCC 7902 T analysed in this study did not reveal the presence of alanine in the interpeptide bridge, as reported earlier by Shivaji et al. (2009) .
The dendrogram generated on the basis of MALDI-TOF MS shows that the mass spectra of B. isronensis MTCC 7902 T and S. silvestris MTCC 10789 T were almost identical, and differed from those of B. cecembensis MTCC 9127
T and the type strains of B. subtilis, Kurthia gibsonii and selected species of the family Bacillaceae (Fig. S2) . These findings are in agreement with the results of phylogenetic analysis, as discussed below.
DNA-DNA hybridization between B. isronensis MTCC 7902 T and S. silvestris MTCC 10789 T revealed a low genomic relatedness of 29 %, with a reciprocal value of 37 % (Shivaji et al., 2009) . This level of relatedness is well below the recommended 70 % genomic relatedness used to delineate species (Stackebrandt & Goebel, 1994) . Since it has been found that species with less than 98.5 % similarity in the 16S rRNA gene sequence show less than T showed very low 16S rRNA gene sequence similarity (,91 %) to the type strain of B. subtilis, the type species of the genus Bacillus, indicating that it may not be a member of this genus. To determine the phylogenetic position correctly, a neighbour-joining tree was reconstructed consisting of closely related members of Bacillus rRNA group 2 and other representative taxa, as described previously (Krishnamurthi et al., 2009a, b) . The topology of the tree was also confirmed using the maximum-parsimony and maximum-likelihood methods, as detailed elsewhere (Krishnamurthi et al., 2009b) . The branching pattern of the cluster containing B. isronensis, S. silvestris, C. tenue, C. latum and B. cecembensis was retrieved consistently in all three tree-making algorithms, supported by high bootstrap values (Fig. 1) . B. cecembensis was always obtained outside the Solibacillus clade, as part of a larger group that also included the genus Caryophanon (Fig. 1) . In all three analyses, the genus Caryophanon was recovered as the closest phylogenetic relative of the genus Solibacillus, next only to B. cecembensis. This is not surprising and, in fact, trees with similar topologies have been obtained in previous studies by our group and others (Krishnamurthi et al., 2009a, b; Reddy et al., 2008; Shivaji et al., 2009; Seiler et al., 2013) . It is pertinent to note that B. isronensis was obtained in a clade along with S. silvestris, well separated from B. subtilis in all three tree-making methods, supported by a high bootstrap value (Fig. 1) . It is also interesting to mention that, in the tree, the genus Lysinibacillus is not monophyletic, and appears to be polyphyletic, with Lysinibacillus odysseyi, L. meyeri, L. sinduriensis and L. massiliensis branching separately from the group that contains other species of this genus, including the type species Lysinibacillus boronitolerans (Fig. 1) . Multilocus sequence typing and genome sequencing would probably shed more light for a proper taxonomic revision within this genus, as pointed out previously by Seiler et al. (2013) .
Sequence and phylogenetic analysis of partial deduced GyrB amino acid sequences revealed that both B. isronensis MTCC 7902
T and S. silvestris MTCC 10789 T shared low sequence similarities (j80 %) with members of other genera such as Caryophanon, Bhargavaea, Lysinibacillus and Sporosarcina. Both strains showed even lower similarities (,70 %) to representative species of Bacillus sensu stricto. B. cecembensis MTCC 9127
T showed identical similarity patterns with other genera within the group. The three strains, however, showed higher sequence relatedness between themselves, with B. isronensis MTCC 7902 T and S. silvestris MTCC 10789 T sharing 94.8 % similarity between themselves and 85.9 and 88.3 % similarity with B. cecembensis MTCC 9127 T , respectively. Reconstruction of a phylogenetic tree based on partial deduced GyrB amino acid sequences (Fig. S3) showed that B. isronensis MTCC 7902
T and S. silvestris MTCC 10789 T were retrieved in a single clade, with B. cecembensis MTCC 9127
T as the closest phylogenetic neighbour. This topology of the phylogenetic tree obtained using the neighbour-joining, maximum-likelihood and maximum-parsimony methods was similar to and concurrent with that obtained for 16S rRNA gene sequences, with the three strains obtained as a stable cluster separated from the genus Bacillus and other closely related genera of the group such as Lysinibacillus and Caryophanon (Fig. S3) . We also looked into evolutionary relationships based on the HV region of the 16S rRNA gene (59 end), and trees reconstructed using the neighbour-joining, maximum-parsimony and maximum-likelihood methods showed similar topology to the whole-gene 16S rRNA gene tree, with all three strains retrieved as separate species (Fig. S4) . Moreover, based on the recommendations of Xu & Cô té (2003) , the 16S-23S ITS region was also analysed, and results are shown in Fig. S5 . Both HV and ITS region phylogenetic analyses clearly separate B. isronensis MTCC 7902 T (and the genus Solibacillus as a whole) from the genus Bacillus sensu stricto and the genus Caryophanon, as can be seen in the whole 16S rRNA gene sequence analysis (Figs 1, S4 and S5 ).
The pattern of fatty acids, polar lipids and peptidoglycan types, as explained earlier, support the findings of the phylogenetic analysis and support the placement of B. isronensis MTCC 7902 T in the genus Solibacillus (Tables 1 and 2 ; Fig. S1 ). The peptidoglycan type A4a (typical of members of Bacillus rRNA group 2) clearly demarcates B. isronensis from the genus Bacillus, members of which exhibit A1c-type peptidoglycan (Kämpfer et al., 2006) . The menaquinone compositions of B. isronensis and S. silvestris are identical, with MK-6, -7 and -8 present, supporting the other chemotaxonomic data (Table 2 ).
Both B. isronensis and S. silvestris show differentiating phenotypic properties when compared with the genera Caryophanon and Bacillus, such as rod-shaped cells, endospore formation, menaquinone pattern, fatty acid and polar lipid profiles and peptidoglycan type consistent with the generic characters of Solibacillus (Table 2) . Additional phenotypic properties are also given in Table S1 . These properties reinforce our findings from phylogenetic analysis and are therefore in line with the recommendations of Kämpfer et al. (2006) , wherein we have found clear and specific differences in morphological properties (spore shape) and chemotaxonomic parameters (peptidoglycan type, fatty acids, polar lipids, menaquinones) between B. isronensis and B. subtilis; we thereby propose to transfer the species Bacillus isronensis from the genus Bacillus to Solibacillus as Solibacillus isronensis comb. nov. An emended description of the genus Solibacillus is also given. Since B. cecembensis was found outside of the 16S rRNA gene sequence cluster containing B. isronensis and S. silvestris, we did not pursue further analysis of this species.
Description of Solibacillus isronensis comb. nov.
Basonym: Bacillus isronensis
The description is the same as that given by Shivaji et al. (2009) for Bacillus isronensis except for the following characteristics, which were found additionally in this study or are different from the previous description. Positive for catalase and urease. Negative for nitrate reduction, starch hydrolysis, indole production, methyl red test and acid production from various sugars, as given in Table 2 . Additional biochemical characteristics are given in Table S1 . The predominant fatty acid is iso-C 15 : 0 , and C 16 : 1 v7c alcohol and iso-C 17 : 1 v10c are present in moderate amounts (Table 1) . Other fatty acids are present in minor amounts (Table 1) .
Bacillus cecembensis PN5 T (AM773821)

Bacillus isronensis B3W22 T (EF114311)
Solibacillus silvestris The description of the phenotypic and chemotaxonomic properties is the same as given by Krishnamurthi et al. (2009a) except that the peptidoglycan type is A4a L-LysrD-Glu (type A11.33 according to http://www. dsmz.de/?id5449), the major fatty acids are iso-C 15 : 0 , C 16 : 1 v7c alcohol and iso-C 17 : 1 v7c and the predominant menaquinone is MK-7, with minor amounts of MK-5, -6 and -8. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylserine are the major polar lipids. The type species is Solibacillus silvestris. Krishnamurthi et al. (2009a) and Rheims et al. (1999) . §ai, Anteiso-branched; alc, alcohol; i, iso-branched. IaaPG, Aminoacyl phosphatidylglycerol; DPG, diphosphatidylglycerol; PE, phosphatidylglycerol; PG, phosphatidylglycerol; PS, phosphatidylserine; GL, glycolipid (b-gentiobiosyldiacylglycerol); PL, unidentified phospholipid. "Data from Shivaji et al. (2009) .
